ISSN 2231-606X

Res.J.Chem.Sci.

The Role of Structure Directing Agents on Chemical Switching Properties
of Nanostructured Conducting Polyaniline (NSPANI)

Deepshikha' and *T. Basu®
' Amity Institute of Biotechnology,Amity University, Noida-201303, Uttar Pradesh, INDIA
?Amity Institute of Nanotechnology, Amity University, Noida-201303, Uttar Pradesh, INDIA

Available online at: www.isca.in
(Received 14" July 2011, revised 24" July 2011, accepted 3™ August 2011)

Abstract

The nanostructured conducting polyanilines was synthesized using single and composite structure directing agents such as
sodium dodecyl sulphate, sodium dodecyl benzene sulphonate, camphor sulphonic acid by chemical method. The effects of
nature and concentration of structure directing agents (both single and composite) on pH characteristics, redox behaviour
and solvent pattern were investigated using UV-Vis spectroscopy, Transmission electron microscopy, Cyclic voltammetry
and Dynamic light scattering. Both concentration and nature of structure directing agents could influence the pH behaviour
and workable pH range. The transition from conducting state to insulating state of all nanostructured conducting
polyanilines occurred at higher pH than bulk PANI. The Transmission electron microscopy and Dynamic light scattering
results showed that the morphology and the dimension of nanostructured conducting polyanilines at the doped and undoped
state depended on the nature of structure directing agents used for polymerization. The redox properties were independent
of nature and concentration of structure directing agents but electrochemical activity and solution behaviour of
nanostructured conducting polyanilines depended on the nature of structure directing agents.

Keywords: Polyaniline, nanostructure, doping, undoping, dedoping, electrochemical activity.

Introduction

Nanostructured conducting polymers (NSCPs) have
received considerable attention as compared to bulk
conducting polymers due to their high surface-to-volume
ratio', electron transfer rate?, surface free energy3 and
electrical conductivity4’5. They also provide interesting
functional properties such as short path lengths for the
transport of ions, improved cycle life of an electrode due to
better accommodation of the strain caused by
electrochemical reaction® mixed conductive mechanism
of both electronic and ionic conductivity, which lowers the
interfacial impedance between electrodes and electrolyte
and light weight and large ratio of specific discharge power
to weight. The nanostructured conducting polyaniline
(NSPANI) is unique among the family of conducting
polymers because of its ease of synthesis, environmental
stability, tunable electronic conductivity, versatile
electrochemical switching behavior®, reversible
doping/dedoping chemistryg'n, excellent mechanical
strength, suitability for making composites with different
types of binders, which make it as one of the most suitable
component in the fabrication of macromolecular electronic
devices such as opto and microelectronics, photonicsu,
sensors in chemical”, electrochemical’'® and biological
applications'®.

PANI is a phenylene-based polymer having —-NH- group
on either side of the phenylene ring. The oxidation and
reduction takes place on this —-NH- group, and various
forms are obtained due to the number of imine and amine
segments on the PANI chain. Thus it can exhibit unique
electrochemical switching property that is its electrical
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properties can be reversibly controlled by both charge-
transfer doping and protonation. This unique phenomenon
has made polyaniline versatile for various applications
such as sensors, opto and microelectronic devices. The
ability of PANI to exhibit a number of intrinsic oxidation
states has also been utilized in the inhibition of corrosion
of metals. The emaraldine base has been applied as an
active component in light-emitting devices. The ability of
PANI to undergo reversible oxidation and reduction has
also resulted in its utilization as electrode materials for
rechargeable batteries and capacitors. It is possible to
replace metallic conductors and semi-conductors with the
use of PANI in many applications such as transistors,
switches, electrochemical actuators, lithographic resists,
lightning protection, microelectronics, solar cells, circuit
boards, polymer electrolytes, heating elements,
electrostatic ~ discharge (ESD) and electromagnetic
interference shielding (EMI) applications'’. The solution
behavior of NSPANI makes totally new product ideas
possible. These include electroactive inks, paints, coatings,
adhesives, electrochromic “smart” windows, electrically
conductive transparent films and conductive high
performance fibres.

NSPANI with different morphologies have been
synthesized using various techniques such as template
synthesis, self-assembly, emulsions and interfacial
polymerization®*', seeding polymerization®, rapidly
mixed reaction® and surfactant-directing methods****. One
of the most elegant and facile way of synthesizing
NSPANI is use of structure directing agent (SDA) which
can act as a soft template. The SDA controls the
polymerization in a restricted zone so that the crystal
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growth can take place in a definite manner. It has been
proposed that at low temperature, the liquid crystal-like
arrays formed between the inorganic-cluster and the self-
assembly of organic structure directing agent (SDA) i.e.
the amphiphilic molecule, readily undergo reversible
lyotropic transformations leading to nano structured
materials®®,

We have synthesized NSPANI using single and composite
structure directing agents®’. It has been reported that the
chemical nature, concentration and combination of SDA
have profound influence on the nano dimension as well as
electronic property of NSPANI. However, to our
knowledge, there are no detailed reports on the study of
effect of nature and concentration of SDA on
doping/undoping behavior, redox chemistry and solubility
of NSPANI. It is absolutely necessary to investigate the
above properties of NSPANI in detail to explore its full
spectrum of application. In this manuscript, attempts have
been made to study the influence of nature and
concentration of SDA on the pH, redox and solubility
pattern of various NSPANI, synthesized using different
formulation, using UV-Vis spectroscopy, Cyclic
volammetry (CV), Dynamic light scattering (DLS) and
Transmission electron microscopy(TEM).

Material and Methods

Aniline (Sigma-Aldrich), sodium dodecyl sulphate (SDS)
(Qualigen), ammonium persulfate (NH,4),S,05 (E-Merck),
sodium dodecyl benzene sulfonate (SDBS) (Sigma-
Aldrich) and camphor sulphonic acid (CSA) (Qualigen),
sodium hydroxide and phenylhydrazine were purchased
from Aldrich. Hydrochloric acid (Qualigen), N-methyl-2-
pyrollidene (NMP) (Sigma-Aldrich), dimethyl sulphoxide
(DMSO)  (Sigma-Aldrich),  N,N-dimethyl-formamide
(DMF) (Sigma-Aldrich)  were used in the present
experiment. Deionized water from a Millipore-MilliQ was
used in all cases to prepare aqueous solutions. Monomer
was double distilled before polymerization.

Polymerization procedure: The NSPANI was
synthesized using single and composite structure directing
agents according to a previously communicated
procedure”. The structure directing agents include sodium
dodecyl sulphate (SDS), dodecyl benzene sulphonate
(SDBS) and camphor sulphonic acid (CSA). Table 1
represents the synthesis condition of NSPANI using
various concentrations of SDS, SDBS and CSA. In a
typical synthesis, aniline (0.02 M) was first dissolved into
a dilute aqueous solution (0.02 M) of acid (HCI or CSA).
The aniline solution was added to an aqueous solution of
SDA under stirring condition. The mixture was then placed
in the low temperature bath, so that the temperature was
maintained at 0° to 5°C. An aqueous solution of the
oxidizing agent, (NH,4),S,0s, in ice-cold water was added
to the above mixture. The polymerization was allowed to
proceed for 3 to 4 h with stirring. After that the stirring was
stopped and the mixture was allowed to age under static
condition for 1-3 days at 277-278°K for complete
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polymerization. The colloidal solution was precipitated
using acetone. The precipitate was washed with deionized
water to remove unreacted chemicals. The polymer powder

was dried under vacuum at 60°C.

Table-1
Formulation of nanostructured conducting polyaniline
(NSPANI) synthesis
Sample | Aniline:| Aniline: Aniline: | Aniline
Code SDS (NH4)2$208 HCI1 : CSA
S1 1:1 1:0.5 1:1 -
S2 1:2 1:1 1:1 -
S3 1:3 1:1.5 1:1 -
S4 1:4 1:2 1:1 -
D1 1:1 1:1 1000:1 -
D2 1:2 1:1.5 500:1 -
D3 1:3 1:1.5 333:1 -
SC1 1:1 1:1 1:0.5 1:1
SC2 1:2 1:1 1:1 1:1
SC3 1:3 1:1 1:1.5 1:1
SC4 1:4 1:2 1:2 1:2
DC1 1:2 1:0.5 1:1 1:1
DC2 1:3 1:1.5 1:1 1:1

Instrumentation: The UV-Vis absorption spectra were
measured using a Shimadzou UV-1800 UV-Vis
spectrophotometer. Morphological imaging was obtained
by Transmission electron microscope (TEM), using a
JEOL JEM-1011 at 80 kV and Dynamic light scattering
(DLS) measurements were performed using a Malvern
4800 Autosizer employing a 7132 digital correlator.
Cyclic voltammetric study was carried out using Autolab
Potentiostat/Glavanostat Model 273A.

Results and Discussion

Effect of concentration of structure directing agents
(SDA) on the pH switching behavior of NSPANI: The
UV-Vis spectra of various all NSPANI show three
characteristic absorption bands at 320-380, 400-432 and
790-856 nm wavelength (spectra not shown)?. The first
absorption band is related to n- n* band transition, second
and third absorption bands are due to the formation of
polaron and bipolaron respectively®. A  gradual
bathochromic shift of the polaron absorption band in the
visible region has been observed with increase in the
concentration of SDA?. The red shift is attributed to the
nanostructure, extended m conjugation and increased
conductivity.?

When dark green colour of NSPANI (S1, S2, S3 and S4)
dispersions have been treated with 0.1 M NaOH dropwise,
the colour of nano dispersions change from green to violet.
Upon base treatment, the polaron absorption band at 790-
832 nm has shifted to 568-575 nm which is assigned to the
exciton band of the EB form and the polaron band in the
UV region disappears due to removal of charge at the
undoped state”. The violet colour of nanodispersion
signifies complete conversion of emeraldine salt (ES) to
emeraldine base (EB) which is the undoped condition of
polyaniline (scheme 1).
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Table-2
Effect of pH on nanostructured conducting polyaniline (S1,S2,S3and S4) and bulk polyaniline

Name of sample Colour at the *Wavelength PWavelength Workable pH ‘Bandgap ‘Bandgap
p undoped State (nm) (nm) range (eV) (ev)
S1 Violet 785 569 2.24-9.78 1.58 2.18
S2 Violet 796 570 3.35-10.33 1.56 2.18
S3 Violet 811 575 3.53-12.96 1.53 2.16
S4 Violet 832 568 3.57-13.03 1.49 2.18
Bulk Polyaniline Violet - 1.91-7.53 - -

a=Wave length of visible region polaron absorption at the doped state; b=Wave length of visible region polaron absorption at
the undoped state; c= Band gap energy(E) in the doped state(eV),d=Band gap energy(E)in the undoped state(eV); E=hc/A

Effect of pH on nanostructured r{(a)‘lll):ﬁlgting polyaniline (D1,D2 and D3)
Name of Colour at Workable pH | *Wavelength PWavelength ‘Bandgap ‘Bandgap
sample undoped state range (nm) (nm) (eV) (eV)
Dl Dark blue 3.96-10.04 842 575 1.476 2.161
D2 Dark blue 2.33-13.13 855 594 1.453 2.092
D3 Dark blue 3.73-10.08 855 584 1.453 2.128

a=Wave length of visible region polaron absorption at the doped state; b=Wave length of visible region polaron absorption at
the undoped state; c= Band gap energy (E) in the doped state (eV); d=Band gap energy(E)in the undoped state(eV); E=hc/A

Table-4
Effect of pH on nanostructured conducting polyaniline (SC1,SC2,SC3,DC1,DC2)

Name of Colour at Workable “Wavelength "Wavelength ‘Bandgap ‘Bandgap

sample undoped state pH range (nm) (nm) (eV) (eV)
SCl1 Blue 3.76-9.05 804 520 1.546 2211
SC2 Blue 3.84-9.84 870 530 1.428 2.132
SC3 Blue 2.28-12.57 818 552 1.519 2.252
DCl1 Dark blue 3.94-9.96 824 570 1.508 2.180
DC2 Dark blue 2.37-13.16 792 573 1.569 2.169

a=Wave length of visible region polaron absorption at the doped state; b=Wave length of visible region polaron absorption at
the undoped state ; c= Band gap energy(E) in the doped state(eV) d=Band gap energy(E)in the undoped state(eV); E=hc/A

Table-5
DLS results of the best nanostructured conducting polyaniline during pH switching

Sample a7-Average | "Z-Average | Polydispersit Increase in 47-Average ‘Polydispersity
name (d-nm) (d-nm) y index(PDI) dimesion (%) (d-nm) index(PDI)
S4 49.14 61.95 0.351 26 53.06 0.322
D2 20.91 45.85 0.263 119 24.25 0.346
SC3 491.8 540 0.469 10 503 0.415
DC2 230.9 410 0.742 60 360 0.695

a= Z-Average(d-nm) of doped NSPANI; b= Z-Average(d-nm) of undoped NSPANI
c= Polydispersity index(PDI) of undoped NSPANI

d= Z-Average(d-nm) of dedoped NSPANI

e= Polydispersity index(PDI) dedoped NSPANI
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As no discrete change has been identified in the absorption
maxima of n- t* band on undoping so we have focused our
study only on polaron absorption band in the visible region
because polaron band is more localized. Table 2 represents
pH behavior of NSPANI(S1, S2, S3 and S4) when SDS is
used as a single SDA. It has been observed that undoping
of S4 is difficult and occurs at high pH as compared to
S1,S2, S3 indicating the difficulty of undoping S4.

NH2

ol | (NHa1S208
soA®@/\\A )

gy Sy Sy S

Emeraldine Salt (ES)

+2H+ || -2H+

Q@O0

Emeraldine Base (EB)

Scheme-1
pH dependent transition of polyaniline from
ES to EB form

Further HOMO and LUMO band gaps at the doped and
undoped state are calculated using the formula E=hc/A
where h= Planck’s constant (6.63)(10'34 J-s), ¢ = velocity of
light (3 x 108m/s), A = wavelength of absorption (nm).
Interestingly, the band gaps of NSPANI are much lower
than the bulk PANI (2 eV at the doped form) confirming
the nano dimension®**. At the undoped state, band gap is
increased when conducting ES of NSPANI is converted
into insulating EB form (Table 1). All NSPANI (S1, S2, S3
and S4.) have almost identical band gaps at the undoped
state irrespective of the amount of the SDS used for
polymerization. However, the workable pH range increases
with increase in SDS concentration for example workable
pH range for S4 has been found to be as 3.57-13.03.
Interestingly, the conversion from conducting to insulating
state of all S1, S2, S3 and S4 occurs at much higher pH
than bulk PANI (1.91-7.53). S4 is considered to be the best
sample.

Upon base treatment of NSPANI (D1, D2 and D3),
blackish green color of nano dispersions convert to blue
color dispersion indicating undoping of NSPANI(D1, D2
and D3). The exciton band of EB form of NSPANI nano
dispersions has been found to be in the range of 575-594
nm (table 3). It has been observed that D2 is difficult to be
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undoped as compared to D1 and D3 as its exciton band
appears at 594 nm at pH of 13.13 (table 3). This is due to
the highly ordered nanostructure and extended =-
conjugation of D2*'. Furthermore, the workable pH range
of D2 is wider and band gap between HOMO and LUMO
at the undoped state is minimum as compared to D1 and
D3. In case of complex SDA system, on undoping of
NSPANI with base solution, the polaron absorption band at
804-870 nm transforms to exciton band of the EB form
with an absorption maxima at 520 to 573 nm (figure not
shown). Table 4 represents the pH behaviour of NSPANI
(SC1, SC2, SC3, DCland DC2).

With increase in concentration of SDS for (SC1, SC2 and
SC3), the absorption maxima of exciton band exhibits a
bathochromic shift. As SC3 and DC2 provide maximum
workable pH range and minimum band gap energy
between HOMO and LUMO at the undoped state, SC3 and
DC2 are considered to be the best samples in their
respective series. In fact, the trend is similar to SDS or
SDBS alone as SDA.

Effect of nature of SDA on the pH switching
characteristics of NSPANI dispersion: From the above
discussion, a comparison of pH switching characteristics is
drawn between S4, D2, SC3, DC2 in order to study the
effect of nature of SDA. Figure 1 shows the UV-Visible
spectra of NSPANI. The UV-Visible spectra (Figure 1)
reflect that the visible region polaron absorption band at
the doped state and exciton band at the undoped state of
NSPANI dispersion occur at higher wavelength when
SDBS is used as one of the SDA. In fact, when SDBS is
used as SDA, complete undoping is difficult which is
assigned to the strong complex forming ability of SDBS
with the positively charged polymer backbone.
Introduction of CSA with either SDS or SDBS does not
change the basic pH behaviour. Workable pH range is
independent of the nature of SDA, it depends on the
concentration of SDA. It has been also observed, on
dedoping all of these NSPANI regain their conductive state
immediately and this process can be repeated in number of

times.
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Figure-1

UV-Vis spectra of nanostructured conducting
polyaniline (a) D2(doped); (b) S4(doped);
(¢) SC3(doped); (d) DC2(doped); (e) S4(undoped);
(f) D2(undoped); (g) SC3 (dedoped); (h) DC2(dedoped)
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Effect of concentration of structure directing agent on
the redox behavior of NSPANI: NSPANI shows
remarkable reversible redox switching properties. Addition
of oxidizing agent like 0.07 M APS to a dispersion of
NSPANI at the ES form (dark green) causes rapid
oxidation to produce the violet color for NSPANI (S1, S2,
S3, S4, SC1, SC2, SC3) and blue colour for NSPANI (D1,
D2, D3, DC1, DC2) of pernigraniline base (PB) dispersion
resulting deptrotonation. Upon oxidation, a band at 560-
585 appears, characteristic of the PB form of polyaniline,
while the peaks of the original ES disappear (Data not
shown).

This behavior is independent of the SDA concentration but
depends on type of SDA used. When SDBS is used as
SDA, PB shows blue color irrespective of the nature of
dopant acid, i.e HCI or CSA and the corresponding HOMO
and LUMO band gap is comparatively lower (2.1 eV). The
reduction behavior of the NSPANI nano dispersion treated
with aqueous (4 M) phenylhydrazine has been studied
using UV-Vis spectroscopy. After 10 min, reduction to
the fully reduced leucoemeraldine base (LB) form has been
almost completed, as evidenced by the disappearance of
ES band and the appearance of a strong characteristic w-*
band at 423-430 nm. However, the reduction behavior of
NSPANI is also independent of the concentration as well
as type of SDA. All of these NSPANI dispersions show
unique reversibility in terms redox switching behavior. In
PB and LB form of NSPANI, it converts to complete
insulating form due to complete undoping (scheme 2). At
the LB form, NSPANI has lower band gap (around 2.9 eV)
than the bulk PANI (4 V)™ indicating nano dimension.

Leucoemeraldine Base(LB)

Emeraldine Salt(ES)

+2e" | |-2e”
+4H+||-4H+

FO=O-O-C%

Pernigraniline Base (PB)

Scheme-2
The redox mechanism of polyaniline
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On the basis of pH behavior, redox properties, and the
values of band energy gap it is clear that S4, D2, SC3 and
DC2 are the best samples. So these four samples have been
investigated in residual part of our investigation.

Dynamic Light Scattering studies: It is well known that
the contraction and expansion take place in conducting
polymers due to the ion movement into and out of
conducting polymers which also changes their flexibility
and leads to their potential use as actuators as well as
piezoelectric transducers’™2. At the doped stage, the
conducting polymers are rigid and posses smaller size
where as at the undoped stage they show good flexibility
and enhanced dimension. Table 5 summarizes the DLS
results of various undoped and dedoped NSPANI. DLS
reflects the hydrodynamic volume of the particle. The DLS
studies reflect that on undoping the hydrodynamic volume
of all NSPANI increases resulting an in increase in
flexibility in the polymer chain which can cause an
enhancement in swelling in the dispersion. It is found that
nature of the SDA strongly influences the flexibility and
dimension of NSPANI at the undoped stage. The increase
in dimension for S4 is 26 % where as D2 undergoes 119 %
increase in dimension on undoping. Reattachment of SDA
to NSPANI, i.e, on dedoping with acid brings the
dispersion into the conducting state and regains their
dimension. The dedoped samples have almost identical
size to the doped samples for S4 and D2. The high
extensibility and reversibility of D2 on undoping reveal its
potential as an actuator and piezoelectric transducer.
Polydispersity index (PDI) value of all the nano dispersion
is remained almost unchanged at the undoped state except
for DC2 while PDI increases dramatically. The recovery of
DC2 to its original dimension is the lowest (12%)
indicating degradation of polymer on undoping.

Transmission electron microscopy (TEM) : Figure 2
shows TEM (transmission electron micrographs) images of
the samples. The TEM of undoped and dedoped of S4 and
D2 show that on undoping the dimensions of emeraldine
salt (ES) nano particles increase and lie in the range of 20-
46 nm for D2 and S4 whereas in case of doped samples
the sizes are in the range of 20-32 nm for S4 and 10-28 nm
for D2. (TEM image not shown)?. It has been observed
that on undoping of S4, the large cluster like structures are
formed due to the inherent aggregation tendency of S4
while in case of D2 though the undoping causes a increase
in dimension but the segregated spherical morphology of
D2 is still maintained as shown in TEM image Figure 2(c).
This shows that D2 nano particles are evenly dispersed and
they have less tendency to get aggregated both at doped
and undoped state. Due to reversible chemical switching
properties of PANI, on dedoping the EB form can convert
back to ES state and TEM image shows that NSPANI
(both S4 and D2) regain their dimension with fairly narrow
size distribution of 20 -35 nm. In case of D2 the distinct
individual nanoparicles with spherical morphology are
seen Figure 2(d) while S4 on dedoping, exhibits spherical
nano particulate morphology with somewhat aggregated
form.
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(b)

@

Figure-2
TEM images of (a) S4(Undoped) b) S4(Dedoped) (c) D2(Undoped) (d) D2(Dedoped)

Effect of nature of SDA on Electrochemical properties
of NSPANI dispersion: Figure 3 shows cyclic
voltammograms (CV) of S4, D2, SC3 and DC2. The
potential was swept from - 500 mV to + 1100 mV (vs.
Ag/AgCl), as polyaniline is redox active within this region
at acidic pH. The CV shows the characteristics peaks of
PANI?* such as peaks a and b corresponding to the
transformation of leucoemeraldine base (LB) to emeraldine
salt(ES) and ES to pernigraniline salt (PS), respectively.
On the reverse scan, peaks b’ and a’ correspond to the
conversion of PS to ES and ES to LB, respectively. S4
converts from LB to ES form at much lower potential (136
mV) and from ES to PS at higher potential (735 mV) than
SC3 indicating its higher electroactivity. So, in this case on
introduction of CSA retards the electroactivity of NSPANI
as supported by pH behaviour where as the introduction of
CSA does not affect the electrochemical behavior of
NSPANI dispersion to a great extent when SDBS is one of
the SDA. While comparing CV of S4 and D2, it is found
that the peak potential for the conversion of LB to ES and
ES to PS shifts towards much lower potential in case of D2
as compared to S4 and D2 shows almost reversible redox
transformation for the conversion of LB to ES state
indicating its efficacy towards electro chemical activity.
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All of these NSPANI show electrochemical switching
property for number of times without loosing the
electroactivity and S4 and D2 are found to be the best of all
indicating their suitability for rechargeable battery and
OLED application®®*. S4 shows the slowest and diffused
kinetics as compared to other NSPANI as shown in the
current vs time plot for CV studies (Figure 4) which may
be due to the presence of a small redox peak associated
with the formation of p-benzoquinone and hydroquinone as
a side product and its somewhat aggregated structure. Both
D2 and DC2 offer much higher anodic and cathodic peak
current than S4 and SC3 indicating higher electro catalytic
activity.

Effect of nature of SDA on the solubility pattern of
SDA: The solubility of NSPANI was investigated by
dissolving 2 mg of NSPANI powder samples in 10 ml of
solvents such as NMP, DMSO, DMF, acetone, methanol,
toluene and benzene. The solution was filtered and weight
of the precipitate was taken after drying at 60°C under
vacuum to find out the percent solubility. The clear
solution ~ was  investigated  through  UV-Visible
spectroscopy.
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Cyclic Voltammogram of nanostructured conducting polyaniline (I) S4; (II) D2;(IIT) SC3; (IV) DC2
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Figure-5

UV-Vis spectra of nanostructured conducting polyaniline after treating with (I) NMP;(II)DMSO;(III) DMF
(a=S4,b=D2,c=SC3,d=DC2)

N-Methyl pyrollidone(NMP): N-Methyl-2-Pyrrolidone
(NMP) is a powerful, aprotic solvent with high solvency
and low volatility. The solution of NSPANI (S4, D2, SC3
and DC2) is blue in colour and all NSPANI powders are
completely soluble in the NMP as shown in Figure 5(I)
and table 6). UV-Vis spectroscopy shows hypsochromic
shift (590nm-645nm) for the polaron bands. Maximum
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blue shift occurs for D2 (590nm). This is due to the strong
interaction between basic polar solvent (NMP) and D2.
The blue colour of the solution indicates undoping of the
NSPANI samples and NMP is acting as a base as per the
reaction 1.

PANIH*/SDBS+NMP — PANI/SDBS-NMP + H*
(Green) (Blue)

1)
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Table-6
Solubility pattern NSPANI powder in different organic solvents
S.No. Name of Solubility in different organic solvents
sample
NMP | DMSO | DMF | Methanol Chloroform Acetone| Toluene | Xylene

[ ] [ ]

1 S4 o o o o o o
[ ] [ ]

2 D2 o o o Yo o o
[ ] [ ]

3 SC3 o o o o o o
[ ] [ ]

4 DC2 o o o o o o

o= completely soluble; o= Insoluble; m= partially soluble; 3X= Sparingly soluble

Dimethyl sulphoxide (DMSQO): DMSO is an important
polar aprotic solvent. When NSPANI powders are
dissolved in DMSO, the colour of solution becomes blue
(table 6). NSPANI shows 100% solubility and get undoped
in DMSO as shown in Figure 5(II). S4 shows maximum
blue shift (611nm) indicating comparatively stronger
interaction with DMSO as compared to other NSPANI.

Dimethyl formamide (DMF): When the solubility of
NSPANI powder has been checked with DMF (table 6),
only S4 and D2 show partial solubility in DMF without
undoping where as SC3 and DC2 are completely insoluble
in DMF figure 5(IIT).

Other solvents: The solubility of NSPANI is also checked
in other solvents such as methanol, acetone etc and the
results are tabulated in table 6. D2 is sparingly soluble in
acetone. All of them are insoluble in toluene and xylene
due to the impossibility of the non polar solvent to dissolve
both the hydrophilic dopant part and the hydrophobic
organic part of the polymer.

Conclusion

The nature of SDA profoundly monitor pH switching
behavior, redox characteristics and solvent pattern of
NSPANI. It is observed that NSPANI dispersion is
difficult to be undoped and the conversion from conducting
state to insulating state occurs at higher pH than bulk
PANI. The concentration as well as the nature of SDA
monitor the pH characteristics of NSPANI dispersion.
With increase in concentration of SDA workable pH range
increases. When SDBS is used as SDA, strong complex is
formed with positively charged polymer backbone. It has
been found that D2 is the most difficult sample to be
undoped and exhibits lowest HOMO and LUMO band gap
at the doped and undoped state. Introduction of CSA in
place of HCI, decreases workable pH range, retards electro
chemical activity and complex forming ability when SDS
is one of the SDA. All of NSPANI undergo expansion in
dimension on undoping and dedoping can recover their
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original dimension. This reversibility also depends on the
type of SDA. The TEM results show that S4 has a
tendency to agglomerate both at the doped and undoped
state where as D2 prefers to be remained as a discreate
particle even at the undoped state indicating its efficicacy
as SDA. The redox behavior is independent of
concentration as well as nature of SDA but the
electrochemical properties and solubility pattern depend on
the nature of SDA. The solvent which can act as a base and
cause undoping of the NSPANI, is the best solvent such as
NMP.
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